Benthic assemblages of two Mediterranean submarine caves were compared. Species coverage and number of species were lower in internal (dark) communities than external. This feature was specially marked in the less illuminated cave. Ordination analyses performed on species coverage per community for each cave separately, distinguished several benthic communities from the outermost to the innermost zone of each cave. Cluster analyses on species coverage, taking into account all communities in both the caves, established similarities among communities: algal-dominated communities clustered according to the level of light received independently of the cave they inhabited, while animal-dominated communities were more similar within each cave than between the caves. Moreover, among the abiotic parameters measured irradiance was the only factor that clearly diminished from the entrance to the innermost zone in both the caves. In contrast, water movement and particulate organic matter varied di¡erently in each cave. Results indicate that the di¡erent topography, depth and geographic location of the two caves determine water movement, light penetration and nutrient availability along the caves. These factors are responsible for determining species abundance and diversity, as well as species growth habit in each community.
INTRODUCTION
Submarine caves show patterns comparable worldwide in structure and type of communities. A common feature is a decrease in species richness, biomass and coverage of benthic organisms from the outermost to the innermost part of the cave (see Harmelin, 1985 and references therein). The usual explanation for this gradient is a reduced water turnover towards the inner part (Fichez, 1991) , although experiments comparing the dissolution of plaster balls failed to substantiate this hypothesis (Balduzzi et al., 1989; Zabala et al., 1989) . Likewise, no stagnation of water in microlayers over wall boundaries has been detected by dye di¡usion (Zabala et al., 1989) . Other physico-chemical gradients (salinity, temperature, density, dissolved oxygen and chlorophyll) that could explain this zonation were not detected either (Gili et al., 1986; Zabala et al., 1989) . Light is, in all cases, the factor that clearly decreases from the external to the innermost zone of all the caves. For planktonic organisms, a strong decrease in the number of individuals from external to internal zones reported in a Mediterranean cave (Palau et al., 1991) may be explained by simple di¡usion-sedimentation processes (Garrabou & Flos, 1995) . However, this result is inconsistent with the lack of decrease in particulate organic matter (POM) reported for the same cave (Gili et al., 1986; Zabala et al., 1989) , although it might be explained by the importance of the tripton part of the seston (not considered in planktonic studies) (Palau et al., 1991) . Moreover, it has been suggested that the organic content of the particles inside the caves is lower than that of the particles outside them, so the quality of the food supply potentially available to suspension-feeders would be higher in the external zones of the caves (Fichez, 1991) .
Here we attempt to compare species coverage and richness of the £ora and fauna in the di¡erent communities established in two Mediterranean caves. Using photography we were able to study large areas in the caves and to encompass spatial heterogeneity. Moreover, values of abiotic parameters (irradiance, water movement and POM) were obtained for comparative purposes. Samples were collected in spring and autumn to allow for possible seasonal variation in species presence and/or abundance.
From the comparison of these two caves with contrasting topographical and trophic conditions we aimed to identify the factors determining community structure and variation along the caves, and establish whether the seasonality reported in open littoral communities of the Mediterranean also applies to the inner communities of the caves.
MATERIALS AND METHODS
of the £oor, with low amounts of sediment, in contrast to what is commonly found in the caves. They di¡er in topography and trophic characteristics.
Assemblage assessment
A longitudinal, 2 m wide transect was set up from the cave entrance to the innermost zone in both the caves. The species inventories and the measurement of physical parameters were performed by SCUBA diving along each transect. In the Cabrera cave the transect was located at 6 m depth and in the Medes cave at about *10 m depth, which represented the mean depth of the respective caves. The study was performed in June and November 1996.
A semi-quantitative inventory of the benthic species was drawn up according to the method described in Braun Blanquet (1979) . Species abundance was assessed in situ, and samples were collected when necessary for later taxonomic identi¢cation in the laboratory.
The semi-quantitative inventories distinguished several communities throughout the caves. Once the main communities (zones) had been established, the physical and biological parameters of each zone were studied.
Physical parameters Irradiance
Light in each zone was measured in June and November using a SPQA Li-Cor provided with a data-logger Li-Cor LI-1000. The values are referred to the subsurface light.
Water motion and temperature
Water motion in the established zones of both the caves was derived from measurement of weight losses of calcium sulphate balls (1.5 cm in diameter) (Muus, 1968) . A wire was passed through each ball and the wires were included in a £exible resin, which was attached to the walls. In a variety of sea conditions, four sets of ¢ve balls were maintained for two days on the walls of each zone, in June and November. Five additional balls were left underwater in the cave in a closed container for the same period, as a control for CaSO 4 dissolution in static conditions. Balls were dried for 24 h at 1008C after collection and then weighed. Losses of CaSO 4 in control balls were subtracted from losses measured in the balls placed on the walls. The results are expressed in mg of CaSO 4 lost per hour.
Water temperature was measured in each zone in both seasons.
Particulate organic matter (POM)
Seawater was collected with a Niskins sampler in each zone of both the caves, in June and November. Two litres of water were ¢ltered on precombusted GF/F glass ¢bre ¢lters of 0.22-mm pore diameter. Afterwards, ¢lters were exposed to hydrochloric acid vapour for 48 h to eliminate the inorganic material, dried and analysed with a C:H:N Autoanalyser Eager 200. Final concentrations are expressed in mg/litre.
Community structure Sampling
To assess seasonal coverage of the most abundant species, 20 pictures were taken at random in each zone in both the caves, in June and November 1996. The pictures, covering *310 cm 2 each, were taken with a Nikonos-V camera and a 28 mm objective provided with a Nikonos close-up lens.
All seaweeds and animals in each picture were outlined and identi¢ed to the species level (whenever possible). The outlines were later digitalized and analysed with Sigma Scan Image software (Jandel) to measure the total area and number of individuals of each species (which corresponds to the number of patches for sponges and other encrusting organisms).
Coverage and number of species
The percentage cover of each species in the 20 pictures taken per zone and season was calculated. The values were added to obtain the percentage cover of each species in the whole area sampled per zone (6200 cm 2 ). A log-linear model comparing the number of species per taxon in each zone was performed for each cave.
Ordination
Detrended correspondence analyses (DCAs) were performed on species coverage to study the spatial distribution of the benthic species in each of the four zones previously de¢ned in both the caves. This analysis provided a graph of the distance(s) between the zones on the basis of di¡erences in species composition and abundance. The percentage cover per species was the variable analysed. The percentage of bare rock was also taken into account, since it varied strongly between zones.
The analyses used the software program PC-ORD version 4 (McCune & Me¡ord, 1999) . Outliers were previously eliminated using the Sorensen (Bray^Curtis) distance. The down weighting of rare species option was selected to avoid their possible in£uence on ordination.
Because species coverage varied from June to November, especially in the most external zones dominated by seaweeds, the ordination analyses were carried out separately for each sampling season. However, as the general pattern was similar in both seasons, only the analyses from June are shown here.
An analysis was ¢rst performed for all samples of each cave separately (80 samples, 20 pictures per zone). A second analysis was performed for the animal-dominated zones (Zones 3 and 4 of the Cabrera cave and Zones 2, 3 and 4 of the Medes cave) of each cave separately since they appeared clumped in the ¢rst analysis.
Classi¢cation
Cluster analyses were conducted on percentage cover per taxonomic group to assess the relationships between zones of the two caves in the two seasons. Bare rock was not considered for these analyses.
Hierarchical clustering with group-average linking, based on similarity matrices (Bray^Curtis coe⁄cient) was used. Data were previously transformed to double root (4th root), which down weights the importance of the very abundant species so that the less dominant, and even the rare species, contribute to similarity between samples. The PRIMER (Plymouth Routines in Multivariate Ecological Research) package for the analyses (Clarke & Warwick, 1994) was used.
A preliminary analysis was done using the percentage cover per high taxonomic entity (from Phylum to Class depending on the group) as the variable. Using the groups found in this analysis, more accurate analyses were carried out on the percentage cover per species.
RESULTS

Assemblage assessment
Species composition and abundance (semi-quantitative inventories) as well as changes in growth habit of the same species (for example massive forms at the cave entrance becoming thinly encrusting forms at the innermost parts), allowed us to distinguish four di¡erentiated zones in each cave, which corresponded to four di¡erent communities (Pe¤ re' s & Picard, 1964) .
In the Cabrera cave ( Figure 1A ), Zone 1 corresponded to a photophilic seaweed community, and Zone 2 to a sciaphilic seaweed community. The former, facing west, was located just outside the cave. The sciaphilic community faced north-west and was located at the cave entrance. Zone 3 corresponded to a semi-dark cave community and Zone 4 represented a dark community in several aspects (see Discussion) (terminology according to Pe¤ re ' s & Picard, 1964) .
The narrow shape of the Medes ( Figure 1B ) cave and its deeper location as compared to the Cabrera cave results in a darker nature of its communities. Zone 1 faced south-east out of the cave and had a hemisciaphilic seaweed community. The communities inhabiting Zones 2 and 3 corresponded to a semi-dark cave community. Although Zone 3 was darker, both zones had similar species composition, although the species showed di¡erent growth habits. The assemblage dwelling on Zone 4 represented a dark-cave community. The cave ended with a zone almost free of macroinvertebrates.
The three communities of seaweeds in the two caves can be therefore positioned along a gradient of light: photophilic, hemisciaphilic and sciaphilic.
Physical parameters Irradiance
The irradiance values in each zone of both the caves are reported in Table 1 . In the Cabrera cave, Zone 1 (located outside the cave) was well illuminated (Table 1) . Zone 2 received nearly 3% of the subsurface light. In the two innermost zones no light was detected at 11 a.m. At sunset some light was detected in Zone 4 due to the west facing of the cave.
The two innermost zones of the Medes cave were dark throughout the day (Table 1) . Zone 2 received some light from a pit that opens to the outside just above it and from the entrance to the cave. Zone 1, although it was placed outside the cave (as in the Cabrera cave), received less light than Zone 1 in the Cabrera cave, since it was deeper.
Water motion and temperature
In the Cabrera cave, Zone 3 had the lowest water motion in both seasons while Zone 2 showed the highest ( Table 2) . Zones 1 and 4 were always within the range of values of Zones 2 and 3. However, while water movement in Zone 1 was comparable in both seasons, water motion in Zone 4 was higher (*30%) in November than in June.
In the Medes cave, comparison between seasons was precluded due to very di¡erent sea conditions (much rougher in June). The zone outside the cave (Zone 1) always had the highest water motion, followed by the innermost zone. Zones 3 and 2 had similar water motion, in both cases lower than Zones 1 and 4.
The temperature values registered indicated that there were no di¡erences between zones or seasons within each cave. The average temperature was 198C in the Cabrera cave and 178C in the Medes cave.
Particulate organic matter (POM)
The results shown in Table 3 for POM content are merely illustrative, since water samples were taken only once per season. The values, however, are useful for assessing within-cave trends.
In the Cabrera cave, the organic matter concentration was similar in both seasons for all zones. Nitrogen concentration, as expected, was lower in absolute values than carbon concentration. Carbon concentration was higher in the two innermost zones of the cave than in the two external ones.
In the Medes cave, a gradient of POM along the cave was evident. Zone 3 had the highest concentration of carbon, followed by Zone 4, Zone 2 and ¢nally Zone 1. Nitrogen concentration was also lower outside the cave (Zone 1), while inside the cave Zone 2 showed the highest value. Concentrations were higher in November than in June.
Community structure Coverage
The coverage of all species from the two caves is listed in Table 4 (see Appendix for list of species and authorities).
In the Cabrera cave there were no outstanding di¡er-ences in species coverage between seasons in any zone (Figure 2 ). Zone 1 was clearly dominated by seaweeds and the substratum was totally covered. In Zone 2, although seaweeds were still the dominant group and the substratum was also totally covered, other taxonomic groups (sponges, cnidarians and bryozoans) represented 12^18% of the total coverage. Zones 3 and 4 lacked seaweeds and were dominated by ¢lter-and suspensionfeeders. In both zones a large amount of bare rock was present, being more abundant in Zone 4.
The di¡erences between Zones 3 and 4 were mainly due to the faunal composition. While in Zone 3, bryozoans, cnidarians and sponges were abundant, the last group was the most important in terms of coverage. In Zone 4 sponges clearly dominated and cnidarians and bryozoans were poorly represented.
In the Medes cave ( Figure 2) there were large di¡er-ences in taxon abundance with respect to the Cabrera cave. Only the external zone (1) was dominated by seaweeds. The remaining zones inside the cave were dominated by animals. The traits common to the internal Zones (2, 3, and 4) were the dominance of sponges and the high proportion of bare rock (up to 73% in June in Zone 4), although their respective percentages varied among zones.
When comparing the caves, di¡erences became evident. First, Zones 1 and 2 in the Cabrera cave were dominated by seaweeds while only Zone 1 was in the Medes cave.
Zones 2, 3, and 4 of the Cabrera cave were roughly equivalent in composition to Zones 1, 2, and 3 of the Medes cave, respectively. Finally, the equivalent of Zone 4 from the Medes cave was not present in the Cabrera cave. The low animal cover of Zone 4 in the Medes cave was an indicator of its extreme con¢nement.
Number of species
In the Cabrera cave ( Figure 3 ) the di¡erences in the number of species between the two external zones (1 and 2) and the similarity in this parameter in the two internal zones (3 and 4) are noteworthy. This pattern was not observed for the percentage cover (Figure 2) . A log-linear model comparing the number of species per taxon in each zone detected signi¢cant (P50.001) di¡erences in species composition between zones. In Zone 1 the number of seaweed species was higher in both seasons than that of the remaining taxonomic groups. Moreover, in November there were ten more seaweed species than in June. In Zone 2 seaweeds were also the dominant group in number of species but the sum of animal species was higher than in Zone 1. In November the number of seaweed species decreased with respect to June. Zones 3 and 4 were similar with the dominant groups, ranked from the richest to the poorest, being: sponges, bryozoans, cnidarians and polychaetes. The number of sponge species in Zone 4 was the highest but no noticeable di¡erences were found for other taxonomic groups.
In the Medes cave (Figure 3 ), the similarity of the three internal zones (2, 3 and 4), which clearly di¡er from the external zone (1), is evident. As in the Cabrera cave, a log-linear model comparing the number of species per taxon in each zone revealed a signi¢cant (P50.001) di¡er-ence between zones. In Zone 1, the number of seaweed species equalled the sum of the species of the other taxonomic groups; in both seasons algae were the dominant group followed by sponges. In Zones 2, 3 and 4, sponges were the group with the highest number of species and Zone 2 had the highest value. Bryozoans, cnidarians and polychaetes were the groups best represented after the sponges. There were marked seasonal di¡erences in species richness (Figure 3 ). In the Cabrera cave there was a noticeable increase in the number of species in Zone 1 from June to November, and a decrease in Zones 2, 3 and 4 during the same period. In the Medes cave there was a decrease in the number of species from June to November in Zones 1 and 2, while Zones 3 and 4 showed an increase in the number of species in the same period.
Ordination
The ordination analysis of the samples from the Cabrera cave is graphically represented in Figure 4A ,B. The ¢rst axis was interpreted as representing the horizontal gradient across the cave from the most external zone (left in the graph) to the innermost zone (right in the graph). Forty-seven per cent of the variation of our pictures was explained by the two ¢rst axes. However, almost all the variance (77.6%) was explained by axis I. Notice that the r 2 for axis II is low in all the graphs (Figure 4 ).
The 20 pictures taken at the most external part of the cave (zone 1), appeared in the analysis as a compact group on the left part of the graph. Clearly separated from the ¢rst group, another cluster of 20 samples, which belonged to Zone 2, were represented.
The set of samples on the right of the graph belonged to Zones 3 and 4. These two zones were situated inside the cave, with low levels of light, so the dominant benthic organisms there were invertebrates. No spatial separation of the two zones was obtained in this analysis.
In order to assess whether the lack of resolution between the two internal zones (Zones 3 and 4) was an artefact due to the presence of the other, markedly di¡erent zones, another analysis was carried out with only the 40 pictures of these two zones ( Figure 4B ). After the elimination of the outliers, axis I represented the gradient from Zone 3 to the innermost part of the cave (Zone 4). Most of the samples of Zone 4 can be found on the right part of the graph. Axis I explained 37% of the variance in the samples.
Most of the samples from Zone 3 were grouped on the left. However, the separation of the two zones was not clear cut. This was expected since the species found were Note that in Zone 4 of the Cabrera cave some sponge species (*) have exactly the same coverage in June and November. Although these species in fact decreased in coverage, we consider this decrease an artefact due to the small size of the zone and the intensive sampling for toxicity analyses carried out in June. Some sponge specimens that remained untouched showed an increment in coverage from June to November. We have kept the coverage values of these species for June, as we think that this is the more conservative correction we can apply. Figure 4C ,D. When all zones were included ( Figure 4C ), the ¢rst axis, which explained 41% of the total variance, again represented the horizontal gradient along the cave.
The 20 pictures taken in Zone 1 appeared in the analysis in a compact group on the left part of the graph. Clearly separated from Zone 1, there was a group composed of all the remaining 60 pictures, all of them taken inside the cave.
When the analysis was only performed on the three internal zones (2, 3 and 4) ( Figure 4D ), axis I again represented the horizontal gradient from the external to the internal zones of the cave, explaining 38% of the variance. Cluster analysis of the algal-dominated zones (B) and animaldominated zones (C), using the percentage cover per species. Data were transformed to 4th root. C, the Cabrera cave; M, the Medes cave; J, June; N, November. Numbers denote cave zones.
The three zones appeared separated along this axis, although with some overlap. This overlap was expected because, as in the Cabrera cave internal zones, the three zones shared the same species. Species abundance and the increment of bare rock were the two factors that clearly varied among zones. Axis II discriminated samples according to the coverage of the most abundant species and bare rock.
Classi¢cation
Two distinct groups were clearly separated in the preliminary cluster analysis performed on high-level taxonomic groups ( Figure 5A ). The ¢rst one comprised all the zones dominated by seaweeds irrespective of cave or season. The second group included all the zones inside the caves (i.e. the darker communities dominated by suspension-feeders). However, relationships within each group were not clear.
A separate analysis on the group comprising the algal-dominated zones ( Figure 5B) performed at the species level, showed that Zone 2 of the Cabrera cave was more similar to zone 1 of the Medes cave than to Zone 1 of the Cabrera cave. Thus, two zones belonging to two geographically separated archipelagos were more similar than two zones with spatial continuity. This result highlighted the importance of the amount of light in establishing a⁄nities between di¡erent algal communities. Seasonal variation was less important, as the sample of both seasons in each zone clustered together in all cases.
When the animal-dominated communities were analysed at the species level ( Figure 5C ), the di¡erences in species composition between the two caves became manifest, and the Cabrera and the Medes caves appeared as separate clusters. Again, similarity was higher between seasons for the same zone than between zones.
DISCUSSION
A clear although di¡erent pattern of zonation was found in both the caves. In the Cabrera cave the decrease in coverage and number of species and the corresponding increase in bare rock towards the internal zone is less marked than in the Medes cave (also reported by Gili et al., 1986 ) possibly due to the higher water £ow inside. A diminished larval supply might explain the poor colonization of the substratum at the most internal zones of the caves, since larvae of the main benthic taxa living inside the caves (sponges, bryozoans and ascidians) have not been found in the corresponding planktonic compartment (Palau et al., 1991) . However, the di⁄culty in larval identi¢cation of several Phyla (mainly sponges, Mariani et al., 2003) casts some doubt on the absence of larvae in these caves.
Sponges were the dominant group in the animal-dominated communities of both the caves. Bryozoans and cnidarians were also relevant in the Cabrera cave. In contrast, cnidarians were scarce and even absent from the innermost zone in the Medes cave, a ¢nding consistent with the progressive disappearance of cnidarians from semi-dark communities to dark communities previously reported (Harmelin, 1985 (Harmelin, , 1997 .
The adaptation of the organisms from di¡erent taxonomic groups to life inside the caves relies mainly on their trophic requirements (Harmelin, 1985) . Sponges (active ¢lter-feeders) appear to be well adapted to this kind of environment due to their high e⁄ciency in retention of small organic particulates (Simpson, 1984) . As a result, they are highly competitive organisms in submarine caves and clearly dominate semi-dark communities (Vacelet, 1979) . Our data con¢rmed the reported dominance of sponges in the caves, in terms of both species richness and coverage, from the cave entrance to the innermost zone. However, the pattern of sponge abundance was di¡erent in the two caves. While the number of sponge species and their coverage clearly decreased from the external to the internal zone in the Medes cave, both descriptors reached the highest values in the innermost zone (Zone 4) of the Cabrera cave. The di¡erences in species composition (only 38 species out of 62 were present in both the caves) may be due to the geographical isolation of both the caves, and the low dispersal capacity of sponges (Harmelin, 1985; Mariani et al., 2003) . When we compare the sponge species composition of the caves studied with that of other Mediterranean caves (e.g. Marseilles caves, Pouliquen, 1972; Harmelin & Vacelet, 1997; and Migtigliano cave, Balduzzi et al., 1989) , we ¢nd that the number of species in common is generally low, and decreases with increasing geographic distance, as previously reported (Alcover et al., 1993) .
Detrended correspondence analyses revealed di¡erences between the two caves. In all cases the axis with the highest coe⁄cient of determination was the one that represented the horizontal gradient across the cave, from the most external zone to the innermost one.
The cluster analysis on percentage cover per high taxonomic groups allowed us to di¡erentiate those organisms from the external and internal zones of both the caves. The analysis of the external zones (phytobenthic communities) using species percentage cover clustered the zones on the basis of light availability and not by geographic proximity. The internal zones (animal-dominated communities), on the other hand, were grouped according to the cave they belonged to.
All the results presented here show that light is determinant in explaining di¡erences among algal-dominated communities, but not among the animal-dominated communities. The algal communities are similar between the caves, varying as a function of irradiance. In contrast, animal-dominated communities are more similar within than between the caves, and more intrinsic factors, such as cave typology, that determines water £ows and hence di¡erences in food and larval supply, may be more relevant to explain di¡erences among animal-dominated benthic communities from the caves. Although seasonal di¡erences in species abundance and coverage are much less important than di¡erences linked to the caves and zones, there is nevertheless signi¢cant seasonal variation even in the innermost zones of the caves, especially with respect to coverage ¢gures.
